Magnetic skyrmions, a topologically stable spin swirling object, have attracted a great interest due to their potential applications in future spintronics and ultra high dense magnetic memory devices. Cu 2 OSeO 3 is only known insulating chiral helimagnet with multiple phases including skyrmion phase. Existence of skyrmion phase as well as first and second order phase transitions make Cu 2 OSeO 3 a promissing candidate for investigating complex magnetic phenomena. Here, we report that both first and second order magnetic phase transitions are responsible in determining the phase diagram with atleast two multicritical point in Cu 2 OSeO 3 . Fluctuation-induced first order transition is realized as a precursor for skyrmion phase over a small window of temperature of magnetic field. The evolution of field dependent entropy at the phase transition provides the evidence for tricritical point. Furthermore, existence of commensurate and incommensurate phases, alongwith co-existence of three second order phase transitions provide evidence for the existence of Lifshitz point.
Introduction
Skyrmion, a topologically nontrivial spin-swirling object that can be treated as a particle of nanometre size has been observed in MnSi (1, 2), FeGe (3, 4, 5) , Fe 1−x Co x Si (6, 7), Cu 2 OSeO 3 (8, 9, 10) with cubic B20 structure. Skyrmion has also been observed in metallic thin films and multilayer (11) . These skyrmionic materials have attracted great interest due to their novel properties and potential applications in future spintronics and magnetic memory devices. polyhedra, one with square pyramidal and other with trigonal bipyramidal structure, in the ratio of 3:1. These two sublattices of Cu 2+ ions are responsible for local ferrimagnetic ordering as well as helimagnetic phase below T C in this material (12, 14, 16) . Due to the broken inversion symmetry and strong spin−orbit coupling (SOC) in Cu 2 OSeO 3 , there are two contributions in spin exchange interaction, (i) S i · S j , symmetric Heisenberg exchange interaction (HEI) and (ii) D ij · S i × S j , anti-symmetric Dzyloshinskii-Moria exchange interaction (DMEI) (17, 18) where 
Results and discussions
Reitvield refinement of the XRD data of Cu 2 OSeO 3 ( The magnetostatic free energy based on Ginzburg's criteria as a function of the order parameter (magnetization, M ) upto M 4 can be reduced to Arrot relation (21) as:
where a and b are temperature and magnetic field dependent constants. Arrot plots of the M−H data ( Fig. 3a) are not collinear which implies existence of other phase (HM phase) than ferromagnetic. The reported phase diagram is at very low field and below T C . So, we took Arrot plot upto 60 mT (Fig. 3b) MDH, SDC and A-phase have the boundary in the vicinity of T c = 58 K (Fig.3b) which is not the Curie temperature for transition to PM phase as that exists above 59.3 K (Fig.2b Using Gibbs free energy expression and Maxwell's relation one can compute the change in entropy, ∆S M , as:
The magnetic entropy change, ∆S M , in Cu 2 OSeO 3 around T c can be investigated by using the M−H curves at various temperatures (29) . but clear depth at T C which changes its position continuously from 58.07 K at 5 mT (Fig. 4a ) to 57.5 K at 33 mT (Fig. 4e) . This feature, which is absent in all previous work (8, 9, 10, 15, 16, 19) , Figure 4o shows the discontinuous transition from A-phase to SDC phase at 57.5 K. This is again the evidence for the first order phase transition from A-phase to SDC phase (dip near 12 mT) and from SDC to FD regime (dip near 28 mT). The feature of change in entropy is observable till 58 K (Fig. 4q) . At 59 K, change in entropy is maximum after that it starts decreasing. This is again the evidence for the existence of FD regime between T c and T c .
The phase diagram of Cu 2 OSeO 3 with all possible phases have been constructed from the temperature and field dependent susceptibility data obtained from M−H data is shown in Fig.   5 . We defined the phase boundaries using various techniques:(i) Arrot analysis (Fig. 3) to draw the MDH to SDC (µ 0 H c1 ) and SDC to A-phase boundaries (µ 0 H a1 and µ 0 H a2 ), (ii) the change in entropy analysis (Fig. 4) (31, 32, 36, 37) .
In conclusion, we have constructed the complete phase diagram of Cu 2 OSeO 3 near skyrmion phase with the help of Arrot plot (22, 29) and entropy analysis (30, 31) . The exact transition line from PM to other phases was missing link in the previously reported phase diagrams (8, 9, 10, 15, 16, 19 
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Methods
Polycrystalline Cu 2 OSeO 3 were grown by standard solid-state reaction method. A homogeneous mixture of high purity CuO and SeO 2 powder in the molar ratio 2:1 was taken. The pellets formed from this mixture were then sealed in an evacuated quartz tube. The quartz ampule was placed horizontally into a muffle furnace and heated to 600 0 C with 50 0 C/hr. We have annealed the sample for 5 weeks by holding the quartz ampule at 600 0 C.
X-ray diffraction (XRD).
To confirm the cubic phase of Cu 2 OSeO 3 , we performed the powder x-ray diffraction (XRD).
The room temperature XRD data were collected using Rigaku Miniflex 600 X-Ray Diffractometer with Cu−K α radiation. Further, rietveld refinement using Full Proof suite software was performed on the XRD data. It confirmed the formation of the single cubic phase of Cu 2 OSeO 3 .
Magnetic measurements.
The magnetic measurements were done using physical properties measurement system (PPMS)
by three different methods as follows:
(i) Field cooled (FC) temperature scans: In the presence of magnetic field the Cu 2 OSeO 3 sample was cooled from room temperature to the desired low temperature. Finally the temperature dependent magnetization data was recorded during heating.
(ii) Zero-FC (ZFC) temperature scans: The sample was brought at low temperature and then by applying magnetic field the temperature dependent magnetization data was recorded during heating. 
